Background: Prevalence of hypertension in HIV infection is high, and information on blood pressure control in HIV-infected individuals is insufficient. We modeled blood pressure over time and the risk of cardiovascular events in hypertensive HIV-infected individuals.
INTRODUCTION
With the success of modern combination antiretroviral therapy (cART), HIV-infected patients have much longer life expectancy and are therefore increasingly at risk of non-AIDS-related morbidity and deaths. [1] [2] [3] [4] Individuals with chronic HIV infection present high levels of risk factors for cardiovascular diseases, such as smoking, hypertension, diabetes, and dyslipidemia.
Hypertension is among the leading risk factors for cardiovascular diseases and accounts for 6% of adult deaths worldwide. The incidence of hypertension in HV-infected populations is growing and only partly related to improved survival and the aging effect in HIV cohorts. 5, 6 Older HIVinfected patients develop more hypertension and other cardiovascular comorbidities than what would be expected with aging in HIV-negative individuals. 7, 8 The reasons for this remain unclear and may be partially related to HIV-dependent endothelial inflammatory processes or antiretroviral drugs. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Some antiretroviral drugs may increase the risk of cardiovascular events independently from antiretroviral drug-induced dyslipidemia and insulin resistance, and some studies have found an association between cART and hypertension. [24] [25] [26] [27] [28] Protease inhibitors (PIs) against HIV may induce the activation of the renin-angiotensin system. 29 There are also potential pharmacokinetic and metabolic interactions between antihypertensive drugs and cART. 30 However, the beneficial effects of cART by far outweigh these side effects.
Effective treatment of hypertension in HIV-infected patients independently of the cART regimen is thus very important to prevent cardiovascular morbidity and mortality. Studies from the international DAD study and the Swiss HIV Cohort Study (SHCS) show that the prevalence of hypertension in HIV-infected individuals is high with little change over time. 25, 31 This raises questions on the extent of hypertension control. Surprisingly only limited data are available on how well HIV-infected patients are treated for hypertension and to what extent blood pressure reduction can be achieved. We therefore investigated changes in blood pressure over time and the risk of cardiovascular events in patients with hypertension in the SHCS.
METHODS

Study Population
The SHCS is a multicenter, prospective cohort study with continuing enrollment of HIV-infected adults (aged $ 18 years). 32 Enrollment in the SHCS is independent of the stage of disease, the degree of immunosuppression, or whether the individual is receiving cART. Over 15,000 HIV-infected individuals have been included in the SHCS so far, corresponding to approximately 70% of all HIV-infected individuals in Switzerland. Informed consent is obtained from all participants. Participants are followed up every 6 months at outpatient clinics and private practices and asked to provide information on sociodemographics, comorbidities, and concomitant medications. Laboratory data, including CD4 cell counts and HIV viral load, are collected at each visit.
Since April 2000, systolic and diastolic blood pressure measurements together with other cardiovascular risk factors are recorded every 6 months in the SHCS. Based on the guidelines from the European Society of Hypertension and the European Society of Cardiology, [33] [34] [35] we define hypertension as systolic or diastolic blood pressure measurements above 139 or 89 mm Hg on 2 consecutive cohort visits and the presence of at least 1 cardiovascular risk factor. Cardiovascular risk factors include smoking (.1 cigarette per day), dyslipidemia (defined as a total cholesterol .6.5 mmol/L or high-density lipoprotein (HDL) cholesterol ,1.0 mmol/L), family history of cardiovascular disease, diabetes (defined as a clinical diagnosis, any plasma glucose measurement .11.1 mmol/L or .7.0 mmol/L in fasting state, or taking antidiabetic drugs or insulin), and chronic kidney disease (defined as a glomerular filtration rate ,50 mL/min/1.73 m 2 measured by the Cockcroft-Gault equation). We define a cardiovascular event to be myocardial infarction, coronary angioplasty, bypass surgery, or stroke.
This longitudinal study includes all patients in the SHCS diagnosed with hypertension between April 1, 2000 and March 31, 2011. These patients are monitored to September 30, 2011 to ensure at least 6 months of follow-up. Patients with previous cardiovascular events, already on antihypertensive treatment, and pregnant women were excluded.
Statistical Analyses
The primary outcome for this study is changes in blood pressure since starting antihypertensive treatment in treated patients. Changes in blood pressure over time are modeled using linear mixed models with repeated measurements. Separated models are fitted for systolic and diastolic blood pressure. We follow individuals from the start of antihypertensive treatment until their last recorded measurement to date or censoring (because of loss of follow-up or death).
We evaluate the impact of multiple variables on blood pressure change; these include age, gender, ethnicity, time since HIV diagnosis, total and HDL cholesterol, body mass index (BMI), waist-to-hip ratio, diabetes, cardiovascular events, chronic kidney disease, smoking, intravenous drug use (IDU) or being in a drug maintenance program, psychiatric problems (defined as being either diagnosed or treated by a psychiatrist or taking antidepressant drugs), AIDS, HIV RNA viral load, CD4 cell count, and cumulative exposure to antiretroviral drug classes. For the 92 patients with a missing date of HIV diagnosis, we use the SHCS registration date to calculate an approximate time since HIV diagnosis. We further adjust the models by baseline blood pressures to better control for the regression to the mean phenomenon 36 and center effect (1 of the 7 HIV centers). For the secondary end point analysis, we estimate the risk of a cardiovascular event and sudden cardiac death from the time of diagnosis in all patients with hypertension using time-dependent Cox proportional hazards models. The models are stratified by centers and adjusted by the same covariates as above. Blood pressures are also included as time-dependent covariates. Likewise, we explore the predictors of initiating antihypertensive treatment in this population of hypertensive HIV-infected patients, with cumulative exposure to antiretroviral drug classes being replaced by the current exposure. For each analysis, hazard ratios (HRs) and 95% confidence intervals (CIs) are presented.
All analyses and graphics are done with SAS version 9.2 (SAS Institute Inc., Cary, NC) and R version 2.15.0 (R Foundation for Statistical Computing, www.r-project.org).
RESULTS
During the study period, hypertension was diagnosed in 2659 of 10,361 eligible patients with at least 2 consecutive blood pressure measurements, 28 patients were excluded due to pregnancy and 36 were excluded due to past cardiovascular events. Data on blood pressure were not available in 87 patients who had at least 1-year follow-up; these patients were more likely to be IDUs, off cART, and had longer time since HIV diagnosis. Of the 2595 patients included in the study, 869 initiated antihypertensive treatment (79 patients per 1000 patient-year), of which 317 discontinued antihypertensive treatment later in the study. The median (interquartile range) systolic and diastolic blood pressure in those starting antihypertensive treatment was 145 (134-157) mm Hg and 92 (82-100) mm Hg, respectively, the follow-up was 3.7 (1.7-6.3) years, age was 49 (43-56) years, and 84% of patients were men. At the time of antihypertensive treatment initiation, 19% of patients had diabetes, 5% had experienced a cardiovascular event, and 48% were smokers; the median CD4 cell count was 467 cells per microliter (305-676); and 71% of patients had a HIV viral load ,50 copies per milliliter (Table 1 ). Figure 1 illustrates the evolution of systolic blood pressure over time in patients initiating antihypertensive treatment. These patients had a higher mean blood pressure at baseline, and the mean change in blood pressure tended to level off after 2 years.
In multivariate models adjusted for HIV centers, patients treated for hypertension were found to have a mean decrease in systolic blood pressure of 20. In all patients diagnosed with hypertension, 118 experienced cardiovascular events: 54 acute myocardial infarctions, 18 coronary angioplasties, 4 coronary bypass surgeries, 32 (Table 3) . Additional predictors for the initiation of antihypertensive treatment were older age, non-Caucasian ethnicity, higher BMI, advanced HIV infection, and less suppressed viral load. Patients who were off antiretroviral treatment were less likely to receive antihypertensive treatment.
DISCUSSION
In this study of HIV-infected patients with confirmed hypertension, we found a decline of systolic blood pressure over time after patients initiated antihypertensive treatment. Factors associated with a decline in systolic blood pressure for those initiating antihypertensive treatment were baseline blood pressure, the presence of established cardiovascular and chronic kidney disease, and the typical risk factors for cardiovascular disease. However, only 79 patients per 1000 patient-year initiated antihypertensive treatment after confirmed hypertension. In addition, increase in systolic blood pressure and total cholesterol, besides age, smoking, and cumulative exposure to PI and abacavir-containing triple NRTI regimens were associated with risk of a cardiovascular event.
Only few studies have investigated blood pressure control in hypertensive HIV-infected patients despite the fact that HIV itself may increase the risk of cardiovascular diseases. In the US Veterans Aging Cohort Study, the HR for acute myocardial infarction of uncontrolled systolic blood pressure above 139 mm Hg was 2.80 (95% CI: 1.57 to 4.86) and basically the same as in patients on antihypertensive drugs with a blood pressure below 140 mm Hg. 37 In this study, the adjusted hazards for acute myocardial infarction were higher in HIV-infected compared with uninfected men. In a demographics-matched study from a US health care system in Boston, the adjusted hazards of ischemic stroke were higher for HIVinfected compared to HIV-negative patients. For HIV-infected patients, a higher risk of stroke was found according to HIV viral load. 38 In our study, we could not confirm any association between unsuppressed viral load and the risk of a cardiovascular event. In contrast, in vitro studies indicate that HIV is a strong inducer of endothelial inflammation promoting endothelial damage, atherosclerosis, and hypertension. Injury of endothelial cell may occur by direct infection 13, 15, 17, [21] [22] [23] or activation of endothelial cell proliferation through HIV proteins and cytokines. 9, 11 The interruption of cART leads to an increase of hsCRP, IL-6, D-Dimers, s-VICAM-1, P-selectine, and leptin, biomarkers that are associated with endothelial inflammation and may lead to a higher risk of cardiovascular events. 12, 16, 20 HIV-induced endothelial inflammation has been found to be associated with increased vascular stiffness 10, 14, 19 and impaired flow mediated dilatation in arteries, 18 factors known to be associated with hypertension.
However, we observed that hypertensive HIV-infected patients who had less suppressed viral load were more frequently treated and that those off antiretroviral treatment seemed to be less likely to initiate antihypertensive treatment. We may interpret this as indirect evidence that better adherence to cART may lead to better overall drug adherence. Indeed, a recent study showed that suboptimal control of HIV viremia correlates with suboptimal control of diabetes and hypertension. 39 As expected, systolic blood pressure increased with older age, higher BMI, higher waist-to-hip ratio, and was higher in men than in women. Diastolic blood pressure seemed to decrease with older age, which may be related to increased arterial stiffness. This phenomenon has also been observed by the Framingham Heart Study investigators. 40 For our definition of hypertension, we requested 2 consecutive blood pressure measurements above 139 mm Hg for systolic and 89 mm Hg for diastolic blood pressure. Because blood pressure is only measured biannually in the SHCS, the time between measurements is quite long. Therefore, individuals falling under our definition of hypertension are likely to have had increased blood pressure over extended periods. With this conservative definition, the incidence of individuals initiating antihypertensive treatment is surprisingly low, given the regular follow-up within the SHCS. According to the 2007 Swiss National Health Survey done by phone contact, a third of interviewees who were told to be hypertensive remained untreated. 41 In a study based on repetitive random samples from the Canton Geneva, hypertension unawareness decreased from 35.9% to 17.7% but was not paralleled by a concomitant increase in hypertension treatment, which remained low (38.2%). 42 Similar rates for treated hypertension have been reported in HIV-negative individuals from other settings. [43] [44] [45] But recent population data from different countries all indicate increased treatment and control rates of hypertension. [46] [47] [48] [49] [50] [51] In our study, patients with established cardiovascular and renal disease, those of older age, advanced HIV infection, The mean decrease of systolic blood pressure per year in patients treated for hypertension was low but clinically relevant and would correspond to a mean decrease of 22.5 mm Hg over a median observation period of 3.7 years. In a prospective study with high-risk patients, a blood pressure reduction in this magnitude could significantly reduce cardiovascular end points. 55 Extrapolation from observational and clinical trial data indicates that a long-term reduction of the mean population blood pressure of 27 mm Hg by treating all individuals at low absolute risk would reduce the occurrence of major cardiovascular events by 26% in the following 10 years. 56, 57 Increased systolic blood pressure in our cohort was associated with an increased risk of cardiovascular events. We also confirmed in this population an association between cumulative exposure to PI and triple NRTI and increased risk of a cardiovascular event as previously shown in case-control study from the SHCS and the large DAD cohort study. [58] [59] [60] There are several limitations of this study. The SHCS does not collect specific information of the type and combination of used antihypertensive drugs. Hypothetically, metabolic side effects might be amplified by the use of antihypertensive drugs such as diuretics and beta-blockers and lessen the cardiovascular benefits of lowering blood pressure. [61] [62] [63] [64] [65] Nevertheless, the main goal of antihypertensive treatment is to lower blood pressure, as this has clearly been associated with lower morbidity and mortality. 35 Blood pressure measurements in the SHCS are not standardized, and for example, information on 24-hour blood pressure measurements for the exclusion of white coat hypertension is missing. There was a center effect in blood pressure measurement with end digit preferences that may be related to imprecise reading, rounding documentation of blood pressure, or the use of different blood pressure measuring devices such as manual sphygmomanometers or digital devices. Over the years with the more widespread use of electronic devices, we noted less end digit preferences. For these reasons, we decide to model blood pressure change over time and not to report rates of individuals achieving blood pressure target values. In addition, many HIV-infected patients in the SHCS are also treated by general practitioners, and other specialists and infectious disease specialists may delegate or consider the treatment of cardiovascular risk factor management as not their domain. Although listing of antihypertensive drugs for SHCS patients at biannual visits is mandatory, underreporting may still occur. We lack data on HIV-infected patients that are mainly managed by HIV specialists.
This study has several strengths. The SHCS is not focused on specific risk groups and includes a fairly high proportion of female patients and patients from non-European ethnic background. The cohort has an excellent follow-up and continued repetitive measurement of blood pressure allowed to model blood pressure over time using a time-updated model. To better control for the regression to the mean phenomenon, we based our inclusion criteria for patient selection on 2 consecutive measurements that were taken 6 months apart; hence, the measurement variability is reduced. End point assessment for cardiovascular events was done according to the DAD protocol, which is a further strength of this investigation.
In conclusion, in HIV-infected hypertensive patients treated for hypertension in the SHCS, we find a decline in systolic blood pressure over time. Risk factors for hypertension and insufficient control of blood pressure for individuals in this cohort are not different from those of HIV-negative hypertensive individuals. Indirect evidence suggests that HIV-infected individuals in Switzerland are not a neglected population in regard with the management of hypertension compared with HIV-negative individuals. However, clinicians caring for HIV-infected patients should consider that HIV-infected patients may be at increased risk of the development of chronic kidney disease and cardiovascular events compared with HIV-negative individuals. 25 Although HIV-infected patients at high cardiovascular risk were more likely to receive antihypertensive treatment, our study shows that many patients remain untreated or insufficiently treated for hypertension and at increased risk of a cardiovascular event. Recent evidence from the NHANES surveys from the United States underlines that better control of cardiovascular risk factors may be achieved and is associated with decreased cardiovascular mortality. 66 Therefore, more aggressive treatment and better management of hypertension are urgently needed in HIV-infected patients.
